Abstract. In our previous work we have discussed the valence band electronic band structure of a (001) oriented surface (semi-infinite medium) of some II-VI and III-V zinc-blende semiconductor compounds. For these systems, we have found three characteristic surface resonances, besides the known bulk bands (hh, lh and spin-orbit bands). Two of these resonances correspond to the anion terminated surface and the third one to the cation terminated one. We have shown, specifically, that three non dispersive (001)-surface induced bulk states, in the Γ − X direction of the 2D Brillouin zone, do exist and are characteristic of these systems. The existence of these states has been confirmed, independently, by different experimental groups. In this work, we briefly review the main characteristics of the electronic structure of the (001)-surfaces to up-date their analysis. We found that, in general, the nondispersive states occur in several, if not all, crystal surfaces, and, on general grounds, as the consequence of introducing to an infinite medium a frontier of any kind (not only the vacuum). For that reason we propose here, to name them, more appropriately as Frontier Induced Semi-Infinite Medium (FISIM) states.
INTRODUCTION
It is well known that the creation of a material surface gives rise to new electronic states in the material, these states are called surface states. The surface states are obtained in the gap energy of the projected bulk bands and have two dimensional (2D) character. In our previous work we have given a theoretical description of the surface electronic band structure of some II-VI [1] and III-V semiconductor compounds [2] , and we have found a set of bands with a 2D character that do exist in the atomic layers away from the surface, that is bands that are a bulk bands, not surface states. We have shown that these bands appear as a consequence of the creation of the (001) surface, and are also present in different chalcopyrites and other interfaces [3] .
The (001) surface of the III-V and II-VI compounds is very important because it is used as a substrate in the growth of new heterostructures. For this reason a full understading of the electronic band of these surfaces is important for future use and applications. Although the (001) surface for most of the III-V and II-VI semiconductor compounds show several well known reconstruction and relaxation of the external layer of the surface [4] , the ideal (001) surface is very interesting by itself since it shows important features as the chacteristic surface-and resonance states [1, 2, 3, 5] .
The purpose of this paper is to review our contribution to the study of the surface electronic properties of the valence band of the III-V and II-VI semiconductor compounds.
The rest of the paper is organized as follows: In the next section, the method used in our calculations is described. A further section contains a discussion of the studied surfaces. A final section summarizes our work.
METHOD
The Schrödinger equation, with the appropriate Hamiltonian describing an infinite periodic system gives Bloch wave functions and energy eigenvalues. The Bloch wave functions fulfil the periodic boundary conditions. When a surface is introduced, and thus the system becomes semi-infinite, the boundary conditions require that the wave function vanishes at the surface. These new boundary conditions modify the energy spectrum and cause the occurrence of new states. These new states exist only in the few atomic layers close to the surface atomic layer. The wave function of these states decays exponentially from the surface into the bulk. On the other hand, there are other states that do not decay exponentially from the surface, and can exist in layers inside the semi-infinite medium, but have a 2D character and therefore can only be detected by photoemission of an oriented crystal. One of the most capable techniques to determine absolute critical point energies and energy dispersion is angle resolved photoelectron spectroscopy (ARPES) [14] . All these effects, that are a consequence of the introduction of a surface into an infinite periodic medium, can be better described within the Green's function formalism. The infinite periodic medium Green's function is
where k is the crystal momentum, E is the quasiparticle energy and H the Hamiltonian for the infinite periodic system with translational symmetry. Assuming periodic boundary conditions, and for a semi-infinite medium we have to introduce the following Green's function [6] :
where the first term on the right hand side is just the Green's function for the infinite medium. The second and third terms describe the total effect of introducing a surface to an infinite medium. The second term describes the hard wall effect, in close analogy to the hard core term in scattering theory. The third term describes the new states, the new solutions due to the matching conditions, and gives rise to surface states that decay a few atomic layers away from the surface. The results to be discussed were calculated using the empirical tight-binding (ETB) method, where we have used a minimal orthogonal basis set, and we have included first nearest neighbors in the scheme proposed by Slater-Koster [7] , the effect of the spin-orbit interaction [8] was also included in our calculations. The parameters of the model are those proposed by Olguín and Baquero [1] and Priester et al. [9] , as it is well known these parameters properly reproduce the bulk electronic properties of these semiconductor compouds [10] .
To calculate the surface electronic band structure, the Surface Green Function Matching (SGFM) method in the appropriate tight-binding representation [6] was used. This method uses as input the bulk tight-binding parameters (TBP). The difference between the bulk TBP and the surface ones is taken into account through the matching in the SGFM method [6] . We have calculated the (001)-bulk-projected (G B ) and the (001)-surface-projected (G S ) Green's functions, given in equation (2) . From G B we can obtain the effects on the band structure derived from the hard wall effect (second term contribution above) and from G S we obtain the surface band structure (third term contribution). To calculate these Green functions we use the known formulae [6] :
The way in which the tight-binding Hamiltonians an the SGFM method are related is described in detail in Refs. [1, 5, 6] , so we will omit further details here.
From the knowledge of the Green's function, the local density of states can be calculated from its imaginary part by integrating over the two-dimensional first Brillouin zone, the dispersion relations can be obtained from the poles of the real part. In our group, the SGFM method in conjunction with the ETB approach has been successfully used to study several semiconductor surfaces [1, 2, 3, 5] , as well as some transition metals [11, 12, 13] .
DISCUSSION
By calculating the real part of the Green's function, we found the eigenvalues for each k-value, a vector in the Brillouin zone. In this way we have calculated the surface states and the 2D bulk states of the (001) surface of the III-V and II-VI semiconductor compounds. In general we have obtained three surface resonances, two of these resonances correspond to the anion terminated surface and the third one is associated with the cation terminated surface. We have found also three non dispersive (001)-surface-induced bulk states, and we found that these states are characteristics of these systems. These states appear in the electronic band structure due to the breaking of the crystal translational symmetry in the (001) direction. Table 1 summarizes the wavefunction symmentry of the found electronic band structure. Figure 1 shows our calculated electronic band structure in the Γ − X direction, for some representative III-V and II-VI semiconductor compounds. In the figure we show the bulk band structure (solid lines), the surface resonances (triangle symbols), and the 2D bulk states (point symbols). The wave function decomposition for the heavy holes (hh), light holes (lh) indicates that mainly the p x and p y orbitals of both anion and cation contribute to these bands, while the spin-orbit (so) band has a p z character. Table - 1 shows the orbitals which contribute to the different states shown in Figure 1 . The surface resonances and the 2D bulk states have been obtained looking at the poles of the real part of the surface Green's function and the poles of the bulk Green's function, respectively, as was discussed in Refs. [1, 3, 5] . The S a1 and S a2 surface states appear due to the creation of the surface in the material and they are characteristic of the anion terminated surface. In all the systems considered, the anion-terminated surface resonance S a1 follows roughly the dispersion of the hh bulk band, but at a slightly higher energy (see Fig. 1 ). The S a2 surface resonance does not show dispersion and, approximately, coincidences at X with the lower bulk band of s−character. The S c surface resonance, that shows larger dispersion than the S a states, is characteristic of the cation terminated surface (for a symmetry composition of these states see Tablel 1).
On the other hand, by looking at the poles of the real part of the (001)-bulk-projected Green's function we obtain the eigenvalues of the (001)-surface-induced bulk states. Three such states appear (B h , B l , and B s ) in this range of energy. These surface-induced bulk bands do not show dispersion from Γ → X. We found that the energy of these states can be associated with the energy of the hh, lh, and spin-orbit bulk bands at the X-high-symmetry point [1, 3] . Thus, at X, B h mixes mainly with the hh bulk band and B l with the lh bulk band, both states are mainly of (p x , p y )−character. B s mixes with the spin-orbit band and is mainly of (s, p z )−composition (see Table 1 ). The three states appear at the same position in energy irrespective of the cation or anion termination of the surface, as can be expected for surface-induced bulk states, since they must depend on the surface through only the boundary condition (the wave function must be zero at the surface).
We have further found that the surface-induced bulk states do exist also in the chalcopyrite structure and at the (001)-semiconductor interfaces as well [3] . So, the existence of these states seems quite general. It is for this reason that we propose to introduce the idea that these states are semi-infinite medium states as opposed to bulk (infinite medium) or surface (local) states, and that their appearance is the result of the introduction of any kind of frontier (not only the vacuum). We propose the generic denomination of Frontier-Induced Semi-Infinite Medium (FISIM) states. Independent experimental evidence for the FISIM states has been found on the (001)-CdTe oriented semi-infinite crystals [14] , and on the (001)-ZnSe system with a monolayer of Na grown on top of the surface [15] .
CONCLUSIONS
We have shown a brief resumé of our contribution to the study of the electronic band structure of (001) surface of the III-V and II-VI semiconductor compounds. The results of our calculations for the ideal surface demonstrate the predictive power of the empirical tight-binding method.
